Neuronal firing activity and gene expression changes in the subthalamic nucleus after transplantation of dopamine neurons in hemiparkinsonian rats.
Dopamine (DA) depletion in the nigrostriatal system leads to basal ganglia dysfunction both in Parkinson's disease (PD) and in 6-hydroxy dopamine (6-OHDA)-lesioned rats with neuronal hyperactivity in the subthalamic nucleus (STN), i.e. increased firing rate and burst activity, together with enhanced beta oscillatory activity. Moreover, intrastriatal transplantation of DA neurons has been shown to functionally re-innervate the host striatum and restore DA input. However, the effects of those transplanted cells on the STN are not well characterized. Therefore, we transplanted cells, derived from the ventral mesencephalon of E12 rat embryos, intrastriatally in the unilateral 6-OHDA-lesioned rat model of PD. We combined behavioral and histological findings with electrophysiological extracellular recordings in the STN, as well as qRT-PCR analyses of dopaminergic, GABAergic, and glutamatergic transporter and receptor genes in the striatum and the STN. Transplanted animals displayed improved rotational behavior after amphetamine injection by 50% in rats with small grafts (586±109 SEM dopamine cells), or even overcompensation by 116% in rats with large grafts (3486±548 SEM dopamine cells). Electrophysiological measurements revealed, that in rats with large grafts burst activity was not affected, while STN neuronal firing rate, as well as beta oscillatory activity was alleviated, whereas small grafts had less impact. Interestingly, both behavioral and electrophysiological measures were dependent on the number of surviving tyrosine hydroxylase positive cells. Although grafted rats displayed restored expression of the GABA synthesizing enzymes Gad65 and Gad67 in the striatum compared to naive rats, the grafts induced a decreased mRNA expression of dopamine receptor Drd2, glutamate receptors AMPA3, NMDA2A, and NMDA2B, and glutamate transporter Eaat3. Interestingly, the NMDA receptor subunit 2B and glutamate transporter Eaat3 were also less expressed in the STN of grafted animals compared to naive rats. In summary, DA grafts restore functional deficits and cause partial improvement of subthalamic neuronal activity. Incomplete recovery, however, may be due to decreased receptor gene expression induced by DA grafts in the striatum and in the STN.